However, the best way to store RPE to enable worldwide distribution is unknown. We 
INTRODUCTION
Age-related macular degeneration (AMD) is one of the world's leading causes of blindness and impairment or loss of the retinal pigment epithelium (RPE) is a central pathogenic factor [1] . The culture and implantation of RPE transplants is a promising avenue for treatment of AMD, and several studies have shown the capability of this approach to improve visual function [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Despite steadily improving strategies for cell replacement, tissue engineering of cell sheets that fulfill the requirements for transplantation is complex [12] . This is likely to lead to the centralization of the technology to highly specialized units.
For further advancement of RPE replacement therapies, the establishment of a storage technique would give several advantages. First, a storage method allows for the transportation of the transplants from centralized units to eye clinics worldwide. Second, it may provide sufficient time to permit quality control of the cultured cells prior to transplantation. Third, storage allows microbiological assessment of the tissue before surgery [13] . Finally, it gives increased flexibility for both the patient and the surgeon in scheduling operations [14, 15] . With recent advances of RPE tissue engineering approaches, the need for improved storage and transportation methods for cultured RPE is anticipated to increase in coming years.
In a previous study by the authors, following an investigation of the effects of nine storage temperatures spanning between 4 and 37°C for 1 week of storage, only 49% of viable cells were maintained at the best temperature (16°C) [16] . The medium used was simple, containing only 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) and sodium bicarbonate-buffered Minimum Essential Medium (MEM) and gentamycin.
In the present study, the authors investigate whether the number of viable cells can be increased following 1 week of storage at 16°C
by individually supplementing a basal storage medium with seven different substances; two of which are analgesics and five of which have antioxidant effects. (n equal to that of each additive group). All the cultures were stored at 16°C for 7 days, without change or addition of storage medium. The storage containers were custom built as previously reported [16] .
MATERIALS AND METHODS

Cell Culture Media and Reagents
Viability Analysis
Cell Mean fluorescence was calculated for all additive groups. The reliability of the CAM measurements in determining cell number was demonstrated in a previous study [16] .
Phenotype Analysis
Preparations for the Phenotype Analysis Cell phenotype of stored cultures was determined (Fig. 2a-d) .
These four additives also demonstrated a concentration-dependent effect on CAM fluorescence. The addition of quercetin, simvastatin or sulforaphane to the storage medium did not increase cellular CAM fluorescence after storage (Fig. 2e, f) .
Phenotype of Stored ARPE-19 Cell Cultures
As DADLE, capsazepine, DHA and resveratrol added to MEM increased the number of live cells after storage, these substances were also analyzed for their effect on ARPE-19 phenotype after storage (n = 8 for each additive).
To assess the level of apoptosis, caspase-3 expression was measured by ImageJ, revealing a significantly lower expression in cells stored in MEM with either DHA or resveratrol compared to cells stored in unsupplemented MEM (Fig. 3) .
The caspase-3 expression of cells stored in unsupplemented MEM was already low (\0.1% caspase-3 positive cells of total cell number), as reported earlier [16] . Relative to this low To reveal whether the additives affect ARPE-19 cell differentiation after storage, expression of the differentiation marker RPE65 was quantified by both ImageJ and a microplate fluorometer. None of the additives had any effect on RPE65 expression irrespective of the analysis used (Fig. 4) .
Morphology of Stored ARPE-19 Cell Cultures
DADLE, capsazepine, DHA and resveratrol were assessed by SEM for their potential effects on cell morphology following storage. No obvious difference in morphology was revealed between the supplemented versus the unsupplemented groups (Fig. 5) .
DISCUSSION
The present study shows that the number of viable cultured ARPE-19 cells following 1 week of storage can be increased by adding DADLE, capsazepine, DHA or resveratrol to a serum-and xenobiotic-free MEM-based storage medium.
The other antioxidants, quercetin, simvastatin and sulforaphane, however, did not improve the viability results. Addition of DADLE, capsazepine, DHA or resveratrol to MEM did not change the level of differentiation. Addition of DHA or resveratrol significantly reduced the caspase-3 expression, corroborating the viability data. Cell morphology appeared unaffected after storage in all groups. Neither the control cultures nor the cultures that had been subjected to storage were fully confluent, a finding that is in line with the results from an earlier study from the authors [16] . Notably, the authors could not identify a marked increase in signs of cell apoptosis, such as cell membrane blebbing or condensation of the nucleus or cytosol, in the stored cultures.
It is critical to maintain the viability of the cultured retinal pigment epithelial cells during the storage period for the graft to function optimally upon transplantation into the subretinal space. However, in a previous study using the same culture protocol as described in the present study, the average number of viable cells reached only 49% in the most favorable ]-encephalin, DHA docosahexaenoic acid, MEM minimal essential medium temperature group (16°C) compared to the unstored control [16] .
As MEM consists of inorganic salts, amino acids, vitamins and glucose, the authors hypothesized that viability could be enhanced by supplementing this basal medium with certain additives that have proved favorable in other, but unrelated experiments [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . The simple composition of the basal medium used in the experimental groups eases the interpretation of the individual effects of each added substance. A storage temperature of 16°C could be sufficiently high to prevent most of the hypothermic-associated injurious factors, including reactive oxidant formation and disturbances in cellular ion homeostasis [35] . The authors hypothesized, however, that antioxidant protection using their storage protocol could be advantageous. Both increased production of oxidizing species or a decrease in the effectiveness of the antioxidant defense mechanisms can result in oxidative stress [36] . The effects of oxidative stress, however, are dependent on the magnitude of these changes. The cell may be able to overcome small perturbations and regain its original state.
Conversely, more severe oxidative stress may trigger apoptosis, whereas substantial oxidative stress may cause necrosis [37] . Production of reactive oxygen species, such as free radicals and peroxidases, is considered a potentially devastating feature of oxidative stress [38] . By adding 1 mM DADLE to the storage medium, the number of viable cells increased by 86.1% after storage. DADLE is an analogue of endogenous d opioid encephalin, which has been shown to induce hibernation, enhance ]-encephalin, DHA docosahexaenoic acid, MEM minimal essential medium, RPE65 retinal pigment epitheliumspecific protein 65 kDa survival of transplanted organs, and block or reverse neurodegeneration induced by methamphetamine [18, 19] . Its effects are comparable to those of the hibernation induction trigger (HIT), which initiates hibernation in mammals by lowering body temperature and reducing metabolism [19] .
These features might be relevant in the effect of DADLE on stored RPE cell cultures.
A concentration of 1.0 lM capsazepine in the storage medium increased cell viability by 67.9% compared to control cultures.
Capsazepine is a specific antagonist of the transient receptor potential vanilloid (TRPV1) channel, a receptor that is a significant molecular transducer of painful stimuli related to temperature, mechanical stress and acidity, which lead to intracellular calcium changes [20, 21] . TRPV1, -2, -3 and -4 channels have been identified in both freshly isolated primary human RPE cells and ARPE-19 cells, with the same expression profile being observed for both cell types [39] . Activation of TRPV1 increases the release of interleukin (IL)-6 and IL-8, and the ability of TRPV1 channels to regulate intracellular calcium (Ca 2? ) can be almost completely blocked by capsazepine [21] . By adding 50 nM DHA to the storage medium, the average amount of viable cells after storage increased by 36.5%. DHA is highly prevalent in photoreceptor and synaptic membranes [40, 41] , and is crucial for development of the retina and brain. RPE cells both recycle DHA from phagocytosed photoreceptor outer segments and take up DHA from the blood, before delivering it to the photoreceptors to counterbalance their continuous outer segment shedding [22, 41] .
The addition of DHA to ARPE-19 cell cultures has an inhibitory effect on cellular oxidative stress [22, 41] , specifically by upregulating antiapoptotic proteins and down-regulating proapoptotic proteins [23] . These effects might be reflected in the increase in cell viability and has been shown to reduce the toxic effect of oxidative stressors [28] and photooxidation [29] . Simvastatin has been reported to suppress oxidant-induced reactive oxygen species accumulation and apoptosis of RPE cells, and prevent oxidative stress-induced activation [31] . Furthermore, it protects neurons from cytotoxicity both in vivo and in vitro by upregulating B cell lymphoma 2 (Bcl-2) [32] . Quercetin, a flavonoid, is a dietary antioxidant that has been reported to have the potential to strengthen survival signals [33] . It is also a chelating agent, able to inactivate the metal iron responsible for the generation of reactive oxidative species, thereby protecting DNA from oxidative damage [34] . Thus, all seven additives explored in the current study were carefully chosen based on their known cell supportive effects. Prior to the study all were regarded as equally promising, 
